Transparent conducting metal oxides had become an extremely important in many applications including solar cells, microelectronics, electrochromic displays, heat min-ors and gas sensors. It has high electrical conductivity, high optical transparency in the visible region of the solar spectrum and high reflectivity in the infrared region of the solar spectrum.
Introduction
Significant attention has been directed over the past few years towards alloyed transparent conducting metal oxides (ATCO' s) such as indium-tin-oxide (ITO). Much of this effort has been focused on the effect of changing the carrier density and the band gap by altering the impurity concentration [1, 2] .
ITO thin films can be produced with high electrical conductivity [31 -, excellent optical transparency in the visible region of the solar spectrum [4] and high reflectivity in the infrared region [5] . A wide variety of deposition techniques have been used to prepare ITO, including sputtering, thermal evaporation and chemical vapour deposition etc. [6] [7] [8] . The properties of the films have been found to be largely dependent upon the deposition technique and parameters employed.
X-ray diffraction analysis has shown that single crystal ITO retains the cubic Bixbyite 1n2 03 structure up to the solid solubility limit of Sn02, in In 203. The SnO2 phase did not appear until a doping level of 6 +2 at% Sn [9] . In thin film ITO the SnO2 phase does not appear until a doping level of > 50 at % Sn [10] . This means that each Sn atom substitutes for an In atom. Mossbauer spectroscopy [3] has shown that in high duality ITO material the Sn is tetravalent, each In3÷ being replaced by a Sn . This process donates a free electron for conductivity. This is in addition to the contribution from the oxygen vacancies, which is limited by their chemical stability [11] . Beyond the solubility !imit. and up to 50 at% Sn, Kostlin et al. [10] proposed a model in which a solid solution of (SnO2 )2 in In203 may take place. Above 60 at% Sn a distinct SnO2 phase may be observed beside the In203 structure [10] .
Experimental work confirms that Sn substitutes for In atoms on the In203 lattice. Not all of these Sn atoms are active but those which are active donate a single electron to the matrix. An active lattice point is defined as a cation lattice point which is surrounded by its own metal oxide atoms. In the In203 structure, if this position is substitutionally occupied by a dopant Sn atom, then this Sn atom will be active. Theoretical calculation of these active lattice points gives the density of free carriers, this has been found to be in agreement with experimentally measured values. A complete description of the model is described elsewhere [12] .
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Thin films of ITO were vacuum deposited onto both glass and silicon substrates.The system used for preparing the samples is described elsewhere [13] . Resistivity measurements were done using 4-point, probe system. The optical measurements was done using Carry Spectrophotometer. The optical and electrical properties of the as-grown films vary with the substrate temperature and the Oxygen partial pressure. Generally, the as-grown films used in this study were opaque or partially transparent (>25% at 0 6 1.1M ) and had a resistivity of <0.5f2cm. The as-grown films were subjected to various annealing regimes to investigate the resultant change in the optical and electrical properties.
Regardless of the initial optical and electrical characteristics, it was possible to control the ultimate film properties [ Optical transmission of the annealed samples was measured using a Perkin Elmer Lambda 9 spectrophotometer in the wavelength range 200 to 2000 nm. The results for two films of thickness 8300Aand 3680A are shown in Fig. 2 . The thicker film has an optical transmission > 90% for the given wavelength range and a measured resistivity of the order 10' Qom. This high level of transmission was achieved for all films up to this thickness. The 3680A film, shown in Fig.2 , was subjected to a post anneal reduction which was found to somewhat degrade the optical transmission but reduce the resistivity to the order of 2x10 4 c2 cm. The combined optical transmission and conductivity can be controlled by the precise regulation of the reducing parameters. At higher wavelengths, > 1000 rim, the optical transmission spectrum suggests that in the near infrared the material behaves according to the Drude theory for the behaviour of free carriers. According to this model the onset of free carrier absorption is determined by a characteristic wavelength called the plasma wavelength. Since the plasma oscillation of the electron gas is dependent on the concentration of free carries,. then the number of free carriers can be determined. Analysis of the optical constants [15, 16] and carrier concentration for the reduced ITO films revealed that this material has become highly degenerate.
Theoretical Considerations
The statistical thermodynamic and defect chemistry theoretical models [12, 17] reveal that the number of active lattice points depends on the temperature T, the static dielectric constant e r, crystal structure coordination number Z, the free electron effective mass mz: and the bound electron effective mass m:" . 
Conclusions
Alloyed transparent conducting metal oxides such as indium-tin-oxide had become an extremely important in many optoelectronic applications. The free electrons concentration and the carriers effective mass• are very important parameters for the design and fabrication of high quality devices Indium Tin Oxide thin films were produced with high electrical conductivity , excellent optical transparency in the visible region of the solar spectrum and high reflectivity in the infrared region_ Optical transmission better than 90% was achieved and the electrical resistivity was found to be less than 10 -3 ilcm. The theoretical calculations showed that the effective mass of free electrons was found to be between 0.29 mo and 0.32 mo .
